Role of extracellular-regulated kinase and c-Jun NH2-terminal kinase in 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine-induced neurofilament phosphorylation.
The neurotoxin 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) causes selective degeneration of dopaminergic neurons in which the c-Jun NH2-terminal kinase (JNK) signalling cascade has been implicated. We have employed a differentiated mouse neuroblastoma N2a cell model to investigate the involvement of JNK and extracellular-regulated kinase (ERK) in MPTP-mediated toxicity and their role in neurofilament heavy chain (NF-H) phosphorylation. Acute treatment with a cytotoxic MPTP concentration (5 mM) caused rapid and sustained JNK phosphorylation and ERK dephosphorylation, accompanied by cell death. In contrast, subcytotoxic concentrations of 10 microM MPTP resulted in lower, transient JNK activation in the presence of sustained ERK activity. This resulted in an aberrant increase in a phosphorylation-dependent NF-H epitope, perikaryal accumulation of NF-H, and loss of axon-like processes, prior to cell death. Inhibition of MEK kinase, using PD98059, showed that MEK 1/2 or the downstream kinase, ERK, is required for N2a cell differentiation, NF-H phosphorylation and survival. Indeed, MPTP-induced cell death was exacerbated by the presence of PD98059. However, in the presence of MPTP, reducing JNK activity by using an upstream specific mixed-lineage kinase inhibitor (CEP-11004) significantly attenuated aberrant NF-H phosphorylation and perikaryal NF-H accumulation and maintained axon-like processes, in addition to attenuating cell death. This study reports a switch in the predominant kinase involved in NF phosphorylation in a neuronal cell model and may have implications for the formation of inclusions. Our studies provide further evidence that modulation of the JNK pathway could have a role in alleviating neuronal cell death.